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@ Surface type mferooleetronfc gas and vapor sensor. 

(g) The present Invention Is concerned with electrode struc- 
tures and mfcrosensors having fast response times and high 
sensitivity and to methods using such structures and/or 
microsensors. This Is accomplished in any one of seversl ways. 
In one, the sensing and counter electrodes are positioned dose 
enough together on an active area so that Ion migration 
therebetween Is fast The thickness of the electrolytic medium 
on the active area is restricted to be no more than about 10 
microns so that diffusion therethrough between the electrodes 
is at least as fast as the ion migration. In another, the sensing 
electrode may have outwardly extending portions extending 
beyond the electrolytic medium and not being covered thereby. 
Or. conductive particles can be distributed In the electrolytic 
medium. Or the medium can be very thin. Or, the electrodes can 
be Interdicted. Combinations of the above structural features 
are also set forth. 
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Technical Held 

5 The present invention relates to a surface conforming microsensor fasefSa/o? 
gas and/or vapor mixture for one or more specific components ^eof «r tor one or more gases and/or 
vapors dissolved in a liquid, and to analysis methods using such a sensor. 

10 Backqround Art 

A number ofgas sensors 
discloses a potentloatated 3-*lectrode solid polymer electrolyte (SPEJ gas ^ 
disclosed In this patent has catalytic sensing and counter e £^ stab^rflhe 

such sensors is relatively expensive. thft For example, M. Koudelka 

Surface conforming substantially planar sensors %J^^**^fi^ ^258. Ateo. M. 
describes a planar -Clark-type- oxygen sensor In "Sensors "^ Actuators ■ 1^^^ Sensor : „ 

fabricated using standard Integrated drcurt ^ C ^^L^^^Z orientation upon a silicon 
silver/saver chloride/chloride ion reference ^^^.^^^'^^hydrooel layer, completely 
dioxide layer upon a silicon substrate. An ^^ n ^^ a ^X^^lb^ to 50 microns. A 
covers the electrodea and their surfaces to a substantial ^P^Q^***"****™ to oxygan 

silicon rubber membrane. generally 25 * ^J^ 6 *^^^ numbLTof 

55 Disclosure Of Invention 

,„ accordance with another embodimen^ 
The microsensor structure composes a substrate having a sensing * ec ™-£ electrodes defining 

'^dance with an embodiment of fhe Jg-"-^ , - 

concentration of e gaseous species. ^^^^^^.^^^l^^aL between sensing and 

by a solid polymer electrolyte. .... th _ oresent i menX[on a n Improved structure Is set forth for 

electees have, -P^ s^g and = 
electrolytic medium covers the active area The '^o^™^^™^^ 1 ^ i 0n)c Vnoiety from one to the 
second electrodes sufficiently close together *^at £et™of jX^^ffiKS of the electronic 

-tins ^jrj&SLszsTJSss;. r^rrj^trrs s 

stcond adjacent electrodes have, respectively, sensing and counter portions 

electrolytic medium covers the active area. The first and second electrodes are positioned sufficiently close 
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together so that the time of migration of an Ionic moiety from one to the other of the electrodes is no ™orathan 
about 1 minute. The thickness of the electrolytic medium Is no more than about 10 microns so mat the time of 
diffusion of the gaseous species through the electrolytic medium is no more than about equal to the t.me of 
migration of the Ionic moiety from "one to the other of the electrodes. 

A mlcroeensor structure Is still an additional embodiment of the invention. The microsensor structure 
comprises a substrate having a surface having an active area. A sensing electrode has a sensing portion on 
the active area, the sensing portion comprising a plurality of sensing fingers. A counter electrode has a 
counter portion on the active area. The counter portion comprises a plurality of counter fingers. The counter 
fingers are positioned between and aligned along the sensing fingers to define sensing finger-counter finger 
gaps of no more than about 50 microns. A reference electrode has a reference portion on said active area. An 
electrolytic medium Is on the active area, bridges the sensing finger-counter finger gaps and communicates 

the reference portion with said sensing portion. . . „ „ 

Yet another embodiment of the Invention is a microsensor structure comprising a substrate having a 
substrate surface having an active area A sensing electrode is on the subctrote surface and has a a«n».ng 
portion upon the active area. The sensing portion has an outfacing surface facing away from the substrate. A 
solid electrolytic medium covers the active area but does not cover the outfacing surface. The electrolytic 
medium, the first electrode and the gas phase form a 3-phase sensing boundary. A counter electrode is in 
contact with the electrolytic medium and is free from contact with the sensing electrode. A reference electrode 
Is In contact with the electrolytic medium and is free from contact with the sensing f ^^ a /^£°*£ „ 
in accordance with an alternative embodiment of the invention a method is set forth of determining the 20 
concentration of a gaseous species. The method comprises contacting a microsensor structure with the 
gtseour«pecles In a gas phase and measuring the electrochemical effect of the spec.es between first and 
second electrodes. The microsensor structure comprises a substrate having an active area. The first e ectrode 
has a sensing portion on the active area. A solid electrolytic medium covers the active area. Portions iOf the first 
etecfrodeTxtend I outwardly beyond the electrolytic medium. The electrolytic medium, the first electrode and 25 
me gL pnaartorWaTphase sensing boundary. The second electrode is in contact with the electrolytic 
medium and Is free from contact with the first electrode. 

Still another embodiment of the invention Is a method of determining the concentration of a gaseous 
species. The method comprises contacting a microsensor structure with the gaseous species in a gas phase 
and measuring the electrochemical effect of the species between a sensing and a counter el eetrode-Jhe 
mJ^osensor structure comprises a substrate having a substrate surface having an active area. The sensing 
SrtteS j£ a^adnglurface facing away from the substrate. A solid electrolytic medium covers the active 
£ea butdoce m£ cover the outfacing surface. The electrolytic medium, the first electrode and the gas phase 
ZZ Ta^ir^Z boundary. A counter electrode Is In contact with the electrolytic medium and Is free 
from ccS^ttthe sinslng electrode. A reference electrode is in contact with the electrolyl.c medium and is 

free from contact with the sensing and counter electrodes. .„.. r< , rtQ 

In accordance with still another alternative embodiment of the present Invention an Improved elecirode 
strecturVla set forth The improved electrode structure includes a first electrode having tn outhemg surface 
S^^nSC-rtiSn including aplurality of outwardly extending portion A solid e^trolyt^um 
covera the outfacing surface with at least a substantial number of the outwardly extending portions extending 
outwardlv bsvond the eleotrolytlc medium and not being covered thereby. 

iWaocorSwfth yet another alternative embodiment of the present invention a microsensor structure Is 
J forth^^Ca^ubXte having a substrate surface having an active area. A first electrode «, upon the 
subrtrate surface, the first electrode having a sensing portion on the active area. The sensing ^orttonl has an 
outfacing surface facing away from the substrate. The outfacing surface has an uneven configuration ir^lud,ng 
rDl3w ofoutwardly extending portions. A solid electrolytic medium covers the outfacing surface with the 
J^iSSS^tSo^ extending outwardly beyond the electrolytic medium and not bdng covered 
thereby. A second electrode is. rn contact with the electrolytic medium and is free from contact with the first 

6,e |h ?cco"rdance with another embodiment yet of the present invention an improvement is set forth , in _ a SO 
method of determining the concentration of a particular gaseous species which compnses eenMOng I the 
ececies with an microsensor having a aubstrate having a sensing electrode and a reference electrode on a 
sun£ce^retf Tte sensing electrode being covered by a solid electrolytic medium, and measuring tne 
decfi^nS effect of the° species on the sensing electrode. The .implement :m«nM - *• 
sensing electrode a first electrode having en outfacing surface having an uneven configure ion mdudaig . J 
plurality of outwardly extending portions which extend outwardly beyond the electronic medium and are not 

TSSSe with a still further embodiment of the present invention, a microetectrochemical sensor 
structure Is set forth comprising a substrate having e substrate surface having an "eMve ?rea se rising 
electrode Is In contact with the substrate aurface. the sensing electrode having a sensing portion or .the _acfive 
arel The sensing portion has an outfacing surface facing away from the substrate surface. A soHd »£cfro|ytfc 
medium covens ^outfacing surface. A plurality of conductive microparlictes Is dispersed In the electrolytic 
medium f£Th ™ wunte^lectrode end a reference electrode are in contact with the electrolyte medium and 
era free from contact with the sensing electrode and each other. . mpth nH rrf &s 

In accordance with a further embodiment of the present Invention an improvement is set forth in a method of 65 
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determining the concentration of a particular gaseous species which comprises contacting the species with a 
mlcroelectrochemical sensor having a substrate having a sensing electrode, a counter electrode and a 
reference electrode on a surface thereof, the sensing electrode being covered by a solid electrolytic medium, 
the electrolytic medium being covered with a member permeable to the species, and measuring the 
5 electrochemical effect of the species on the sensing electrode. The Improvement comprises a plurality of 
conductive mlcroparticles dispersed In the electrolytic medium. 

Brief Description Of Drawings 

10 The Invention will be better understood by reference to the figures of the drawings wherein like numbers 
denote like parts throughout and wherein: 

Figure 1 Illustrates, in top view, a microsensor In accordance with an embodiment of the present 
invention with an electrode thereon in accordance with an embodiment of the present invention; 
Figure 2 is a sectional view taken along the lines II-II of Figure 1 ; 
15 Figure 3 is a view similar to Figure 1 but showing an array of mlcrosensors In accordance with the 

present invention on a single substrate; 

Figure 4 is an enlarged partial cross-sectional view taken In the area IV- IV of Figure 1 ; 
Figure 5 is a partial section view of the sensing area of an embodiment in accordance with the Invention : 
Figure 6 is a top view of an embodiment of the present invention; 
20 Figure 7 is a view similar to Figure 6 of an embodiment in accordance with the invention ; 

Figure 8 is a partial section view, of an embodiment In accordance with the invention; 
Figure 9 Is a partial section view of an embodiment in accordance with the Invention ; and 
Figure 10 is a partial section view of an embodiment in accordance with the invention; 
Rguro 1 1 is a basic sensor design in accordance with an embodiment in accordance with the invention; 
25 Figure 12 is a graphical representation of CO concentration vs. net response; 

Figure 13 is a graphical representation of applied potential vs. net response tor 600 ppm CO; 
Figure 14 Is a graphical representation of applied potential vs. background current and response for 
500 ppm CO; 

Figure 15 is a graphical representation of applied potential vs. signal-to-background current ratio; 
30 Figure 16 is a graphical representation of time vs. response to 500 ppm CO which Illustrates response 

time; and 

Figure 17 shows an array of mlcrosensors using a single reference electrode, all on a single substrate. 
Best Mode For Carrying Out Invention 

35 

The present Invention relates to a microsensor 10 as seen In one embodiment in Figure 1. The microsensor 
10 Includes a substrate 12 having e substrate surface 14 having an active area 16 upon which electrochemical 
reactions occur. The substrate may be made of any of a number of materials. For example, the substrate may 
be made of an insuiative material, that Is, a dielectric material, such as a non-conducting plastic or glass. 

40 Alternatively, the substrate can be made of a semiconducting material such as silicon or even of a conducting 
material so long as an appropriate dielectric material defines the substrate surface 14. For example, Figure 4 
shows a substrate 12 which is made of a semiconductor materia), namely silicon, and wherein the substrate 
surface 1 4 is formed by IC processing techniques of a dielectric material, namely silicon dioxide. Silicon nitride 
or another insuiative material can alternatively be used. 

45 A first electrode 18 is on the substrate surface 14. The first electrode 18 has a sensing portion 20 on the 
sensing area 16 of the substrate surface 14. The sensing portion 20 has an Infacing surface 22 (see Figure 2) 
facing the substrate surface 14 and an outfacing surface 24 facing away from the substrate surface 14. Key to 
this embodiment of the present Invention is the faot that the outfacing surface 24 has an uneven configuration 
Including a plurality of outwardly extending portions 26 (Figure 4). The outwardly extending portions 26 extend 

50 outwardly from the outfacing surface 24 preferably from about 0.01 micron to about 5 microns and may be In 
the nature of hills, ridges, or the like. 

in accordance with the aforementioned embodiment of the present invention a solid electrolytic medium 28 
covers the outfacing surface 24 of the first electrode 18 in such a manner that at least some of the outwardly 
extending portions 26 of the outfacing surface 24 extend outwardly beyond the electrolytic medium 28 and are 

55 not covered thereby. Thus, there is generally an extremely thin layer of the solid electrolytic medium 28 and the 
outwardly extending portions 26 of the outfacing surface 24 are in the nature of a plurality of smell electrode 
material peaks exposed beyond the solid electrolytic medium 28. 

The outwardly extending portions 26 of the first electrode 18, the solid electrolytic medium 28 and the 
surrounding gas phase form a 3-boundary sensing boundary 29 (Figure 4). Having the outwardly extending 

60 portions 26 exposed in this manner leads to an extremely fast response time for the first electrode 18 and also 
to extremely high sensitivity. Generally, the solid electrolytic medium is of a thickness upon the outfacing 
surface of no more than about 10 microns. However, the specific extension of the solid electrolytic medium 28 
is a function of the degree of extension of the outwardly extending portion 26 of the outfacing surface 24. The 
orrticaiity of this embodiment lies in having the outwardly extending portions 26 extend upwardly beyond the 

65 electronic medium 28 to form the 3-phase sensing boundary 29. 
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A second (counter) electrode 30 is fh contact with the electrolytic medium 29 and freo from contact with the 
first electrode 18. In the particular embodiment Illustrated the second electrode 30 Is upon the substrate 
surface 14. 

In accordance with an embodiment of the present Invention a third (reference) electrode 32 may also be in 
contact with the electrolytic medium 28 and free from contact with the first electrode 18 and the second 5 
electrode 30. Generally, the third electrode 32 will also be In contact with the substrate surface 14. 

In accordance with preferred embodiments of the present invention the first electrode 18. generally the 
sensing electrode, the second, electrode 30. generally the counter electrode, and the third electrode 32, 
generally the reference electrode, as well, when present, are adjacent to one another. A first-second electrode 
gap 34 of generally no more than about 50 microns Is advantageously present, preferably no more than about 10 
10 microns, more preferably no more than about 5 microns and still more preferably no more than about 2 
microns. Indeed, sub-micron (less than about 1 micron) gaps are particularly preferred. When there is a third 
electrode 32, as well, the gap 36 between the first electrode 18 and the third electrode 32 is conveniently no 
more than about 100 microns, although this Is a far less important restrain and significantly larger gaps can be 
present. The size of the gap 38 between the third electrode 32 and the second electrode 30 Is also of no 15 
criticattty. 

A dielectric wall 40 will generally be present surrounding the active area 1 6 and the electrolytic medium 28. A 
barrier 42 (Figure 2) can be present which covers the electrolytic medium 28. the barrier 42 having openings 
through which an analyte gas can pass. In certain Instances the barrier 42 can selectively pass a gaseous 
species of Interest while excluding possibly Interferlne species. Generally, the barrier 42 will be in the nature of 20 
a polymeric material and more particularly will often be In the nature of a membrane which Is gas permeable but 
aqueous solution Impermeable. Note that the membrane need not have actual pores leading to its gas 
permeable nature. For example, the analyte gas may dissolve in the membrane and migrate therethrough to 
the electrolytic medium. In such instances, the entire microsensor 10 can be Inserted in an aqueous solution 
and dissolved gases therein than form a gas phase, e.g., within the barrier 42 and can be measured. This is Ihe 25 
case even if the electrolytic medium abuts the membrane since the analyte is in effect a gas, or gas-like, as it 
exits the membrane. The microsensor 10 can be utilized, for example, in vivo In blood to analyze for blond 
gases on a continuous basis. 

Figure 3 Illustrates an embodiment of the present Invention wherein a plurality of the mlcrosensors 10 are 
upon the substrate surface 14 of the single substrate 12. By proper selection of the chemistries of the various 30 
electrodes 18,30.32 and of the barrier 42, for each of the sensors 10, one can provide an overall structure 
which is useful for analyzing for a number of different gaseous species at once, and/or can provide 
redundancy In measuring for one or more gaseous species. 

Figure 17 Illustrates another embodiment of the invention wherein a plurality of the mlcrosensors 10 are 
upon the substrate surface 14 of the single substrate 12. In the embodiment of Figure 17 a single reference 
electrode 32 ts used with several different sensing electrodes 18. For example, the different sensing 
electrodes 18 might be made of platinum, platinum oxide, gold and iridium. Thw two counter electrodes 30 are 
positioned adjacent the sensing electrodes 18. The embodiment of Figure 17 is more compact than, and has 
the same uses as, the embodiment of Figure 3. 

An aqueous reservoir 43 (Figure 2) can be Included In the substrate 12 In liquid contact with the electrolytic 40 
medium 28 to keep the electrolytic medium 28 from drying out and thereby Inactivating the microsensor 10. As 
Is seen in Figure 10. an external aqueous reservoir 466 can alternatively, or additionally, be utilized. Such 
aqueous reservoirs 43,456 can be used in conjunction with all embodiments of the invention. 

The first electrode 18 can be made of any of a number of materials, for example platinum, gold, silver, other 
platinum group metals, or other desired metals to provide detection of desired species, or electrically 45 
conductive polymers. The first electrode 18. and along with it the second electrode 30. and the third electrode 
32 when present, can be formulated by vapor deposition, sputtering, or the like. Generally, such techniques as 
are utilized in the IC art are applicable to formulate a microsensor 10 in accordance with the present Invention. 
This can lead to the formation of the controlled size gaps 34.36 and 38, which gaps 34.36.38 can be made quite 
small in size (below 5 microns and even, with care, below 1 micron). The contacts ends 44,46,48 of the 50 
electrodes 18.30 and 32, respectively, can be formulated on an appropriate contacts area 50 of the substrate 
12. 

Figure 5 Illustrates an embodiment of the present invention wherein the solid electrolytic medium 28 covers 
the entire outfacing surface 24 of the first (sensing) electrode 18. That is, in the case of the embodiment of 
Figure 5 there are no outwardly extending portions 26 of the outfadng surface 24 which extend outwardly 55 
beyond the electrolytic medium 28 and are not covered thereby. However, the embodiment of Figure 5 also 
gives very fast response time and high sensitivity tor gas detection. This Is accomplished by providing a 
plurality of conductive mlcroparticles 52 dispersed in the electrolytic medium 28 and which preferably have at 
least portions of the uppermost thereof extending outwardly Into the gas phase above the electrolytic medium 
28 to form a 3-phase sensing boundary 29. Thus, the outwardly extending microparticles 52 serve as the first eo 
electrode 18 and electron conduction occurs from particle to particle down to the bulk portion 18 of the first 
electrode 18. For example, if the first electrode 18 Is made of platinum the conductive mlcroparticles 52 might 
also be of platinum, or might alternatively be of another metal. Without being bound by any theory. » should be 
pointed out that It is believed that with such a dispersion of conductive microparticles one obtains electron 
tunneling conduction through the electrolytic medium 28 whereby an analyte gas need only contact the 65 
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3-phase boundary 29 of a nearest one of the plurality ot conductive mlcropartlcles In order to etictte a response 
from the mlcrosensor 10. It la not essential that at least portions of the mlcropartlcles extend outwardly to form 
a 3-phase boundary since they may simply be close enough to the ga6 phase whereby diffusion to them 
through the electrolytic medium 28, takes only a relatively short time. 

5 As will also be seen In Figure 5 the substrate surface 14 may be roughened so as to provide better adhesion 
of the first electrode 18 thereto. 

Still further in accordance with the present Invention an improvement b set forth in a method of determining 
the concentration of a particular gaseous species which comprises contacting the species with a sensor 
having a substrate having a sensing electrode and a reference electrode on a surface thereof, the electrode 

10 being covered by a solid electrolytic medium, and measuring the effect of the species on the sensing 
electrode. The Improvement comprises a plurality of conductive microparticies 52 dispersed in the electrolytic 
medium. The method may further include providing a counter electrode as the second electrode 30 and 
utilizing the counter electrode along with the sensing electrode 18, and the reference electrode 32, when 
measuring the effect. The various electrodes 18,30 and 32 are preferably constructed and positioned as set 

is forth above. 

In accordance with another embodiment of the present Invention an improved miorosensor structure is set 
forth as seen In Figures 6 and 7. The mlcrosensor structure 1 10 comprises a substrate 1 12 having a sensing 
electrode 114, a counter electrode 116 and a reference electrode 118. The electrodes define respective 
senslng-counter 115, sensing-referenoe 117 and counter-reference 119 gaps. The electrodes 114,116,118 are 

20 all mounted on an active area 120 on the surface 122 of the substrate 112. The active area 120 is covered with a 
solid polymer electrolyte 124 which bridges the gaps 115.117,119. The solid polymer electrolyte 124 is 
generally in the form of a relatively thin film. The preferred structure tor this embodiment of the present 
invention Is as illustrated, wherein the sensing electrode 114and the counter electrode 116 are in the form of 
interdigited fingers 126,128 having gaps 115 generally no more than about 50 microns and, preferably no more 

25 than about 10 microns, still more preferably no more than about 5 microns and stIO more preferably no more 
than about 2 microns, with sub-micron (less than 1 micron) gaps being most preferred. The reference 
electrode 118 need not be Interdigited with either the sensing electrode 114 or the counter electrode 116. 

As Is shown In figure 7 one may utilize two (or more) counter electrodes 1 16a and 1 16b (which are externally 
connected) with a single sensing electrode 114 with each of the counter electrodes 116a.116b being 

30 interdigited with a portion of the fingers 126 of the sensing electrode 114 and with the reference electrode 1 1 8 
located centrally between the two counter electordes 116a,116b. 

Certain embodiments of the present invention are In the nature of Improved mlcrosensor structures 210,310 
(Ftgures 8 and 9) for determining a gaseous species. The structures 210,310 comprise a substrate 212,312 
having a surface 214,314 having an active area 216,316. A first electrode 218,318 and a second electrode 

35 220,320 have respective sensing portions 222,322 and counter portions 224,324 on the active area 216,316. A 
solid electrolytic medium 226,326 covers the sensing area 216,316. The Improvement In the mlcrosenslng 
structure 210,310 Includes positioning the first electrode 218,318 sufficiently close to the second electrode 
218,318 so that the time of migration of an Ionic moiety, for example hydrogen ion, from one to the other of the 
first and second electrode 218,318 and 220.320, Is no more than about 1 minute. Preferably, the time of 

40 migration of the ionic moiety is no more than about 20 seconds, more preferably no more than about 10 
seconds. Also the thickness of the electrolytic medium 226,326 is restricted sufficiently so that the time of 
diffusion of the gaseous species through the electrolytic medium 226.326 to the sensing portion ???,&? of 
first electrode 218.318 is no more than about equal to the time of migration of the Ionic moiety from one to the 
other of the first and second electrodes. In Figure 8 this is accomplished via the first electrode 218 extenoing 

45 above the electrolytic medium 228 whereby diffusion time therethrough Is zero. In Figure 9 the electrolytic 
medium 326 extends only slightly above the first electrode 318 whereby diffusion time is short. 

What is being done In the embodiments Just described Is to reduce (In some Instances to zero) the time of 
diffusion of the gaseous species through the electrolytic medium sufficiently so that the limiting factor on the 
response time of the mlcrosensor structure 210,310 is the rate of migration of the ionic moiety between the 

so electrodes 218,318 and 220,320. It should be recognized that migration of anaryte from the environment to the 
mlcrosensor structure 210.310, or through the barrier 242,342. may in practice be slower than operation of the 
mlcrosensor structure 210,310. In addition, the electrodes 218 and 318 are placed close enough together so 
that the time of ionic migration is very small whereby the overall time of response of the microsensor structure 
210,310 is very small. 

55 The time of diffusion through the electrolytic medium is, In accordance with certain embodiments of the 
present invention, reduced to zero. This occurs, for example, in the embodiments illustrated In Figures 2, 4 and 
8. Basically, these Figures show the situation wherein the electrolytic medium 26,226,326, the first electrode, 
18.218.318 and the gas phase form a 3-phase sensing boundary. Since there Is no diffusion at all through the 
electrolytic medium, the time of such diffusion is, by definition, zero. In such an Instance It is desirable to place 

60 the first and second electrodes as close together as possible since the only thing then limiting the response 
time of the microsensor structure is the time of diffusion of the slowest moving moiety, from one eiectrode to 
the other. It should be noted that reducing the separation of the electrodes, alone, without reducing the time of 
diffusion of the gaseous species through the electrolytic medium, has almost no effect since the time of 
diffusion of the gaseous species through the electrolytic medium Is generally significantly longer than the time 

65 of migration of an ionic moiety from one electrode to the other. 
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in accordance with another embodiment of the present invention, as illustrated in Figures 2 and 10, the 
mlcrosensor Includes means for maintaining the solid electrolyte (which requires the presence of water to be 
functional) in a damp condition. The means as Illustrated in Figure 10 comprises providing an overtayer or 
barrier 442 which covers at least the active area 416 of the mlcrosensor structure 410, the barrier 442 having 
notes 444 therethrough which communicate with the solid electrolytic medium 426 and further having one or 5 
more reservoirs 466 on the opposite side of the barrier 442 from the solid electrolytic medium 426. In this 
manner, water from the reservoir 456 can pass through the holes 444 and Into the solid electrolytic medium 426 
thereby keeping the humidity level of the solid electrolytic medium 426 at an acceptable level for extended 
periods of time. Note that the same barrier 442 can be over the remainder of the active area 416 thereby 
helping to keep down evaporation from the remainder of the solid electrolytic medium 426. Appropriate pores 10 
444 ©an be provided In the barrier 442. as discussed previously with respect to the barrier 42. through which 
the analyte gaseous species can pass and contact the solid electrolytic medium 426 and/or the sensing 
electrode 418. Generally the barrier 442 would be in the nature of a membrane. The membrane can have pores 
which are generally such as to allow the entrance of a gaseous species but not allow the entrance of a liquid 
species whereby the mlcrosensor 410 can be utilized to detect a dissolved gaseous species in a liquid by 15 
Immersing the mlcrosensor 41 0 beneath the surface of the liquid. Or, the analyte gas can dissolve in the barrier 
442 and thereby pass therethrough. Note that In this instance the microsensor 410 is still analyzing for a 
gaseous species since, as discussed elsewhere, only the gaseous species reaches the solid electrolytic 
medium 426 and/or the sensing electrode 418. 

Another method of keeping the solid electrolyte hydrated is to provide a water absorption overlayer over the 20 
solid electrolyte film. The analyte gas, for example CO and/or C0 2 , can pass Ihrough the overlayer. The 
overlayer may be, for example, e hydroscopic polymer such as cellulose acetate butyratc. Or, a hydroscopic 
salt, for example lithium chloride and/or lithium bromide, may be incorporated In the solid polymer electrolyte 

-Specially selected solid polymer electrolyte films may be.used which are themselves hydroscopic or which 2S 
have a particularly high density of sulfonate groups. An example is poly(sodium 4-styrenesurfonate), 
[-CH2CH(C6H4S03Na)-ln. This polymer is very hydrophilic whereby signals from the sensor are made humidity 
Independent. This particular polymer may also have its property tailored, for example by mixing with Nation (a 
trademark of DuPont) polymer, so as to assure that it is not too hydrophilic or too fragile to stick to a substrate. 
Such techniques as are discussed above serves to make a solid polymer electrolyte film highly proton 30 
conductive or sodium conductive. 

In accordance with an embodiment of the present Invention the sensing electrode may be a platinum 
electrode. The film of the solid polymer electrolyte may be first deposited on the platinum eleotrode followed 
by a platlnlzation process so that ultra-fine platinum particles are dispersed three-dlmensionalty throughout 
the solid polymer electrolyte layer. The platinization process is conducted prior to the pretreatment of the solid 35 
polymer electrolyte, for example the acidification and preoxidation thereof. For example, for a 50 micron gap 
smooth glass substrate sensor, the platlnlzation is carried out using a galvanostatic pulse typically consisting 
of -3 mA/cm* (cathodlc) for one second and + 1 .5 rnA/cm* (anodic) for 0.5 seconds in approximately 2 molar 
HaPtCle at room temperature. The right value of the current density must be chosen (depending on the gap 
size, the degree of surface roughness and the specific resistance and thickness of the solid polymer 40 
electrolyte) to avoid bridging (short-circuiting) sensing and counter electrodes; for example. If the thickness 
of the solid polymer electrolyte film is approximately 1 micron, about 3 to 4 hours (a total of about 1.1 to 1.9 
coulombs) is required to deposit an adequate amount of platinum. 

Any of a number of different types of electrolytic media 28 can be utilized. For example, the electrolytic 
medium 28 can be a solution, e.g.. a water based solution. Alternatively, the electrolytic medium 28 can be a 45 
hydrogel. Preferable, however, particularly for voltammetric measurements, are solid electrolytes, including 
solid polymeric electrolytes suoh as Nation (a trademark of DuPont) which is part of a class of solid polymeric 
Ion exchangers which conduct Ions upon exposure to water. Probably the best known examples are 
membranes made from polystyrene with fixed negative sites (sulfonate, carboxylate or phosphorate) or fixed 
positive sites (quaternary ammonium or quaternary phosphonium). Selection as far as Ions are concerned with 50 
these materials is almost exclusively on the basis of charge and for ions with the same charge discrimination is 
very alight. For voltammetric sensing the use of these materials is new. Other examples of solid polymeric 
electrolytes besides Nation (which a Is perfluorinated lonomer) are sulfonated styrene-dlvinyl benzene resins 
and dlvinyl napthalene sulfonic acid porymer. . 

Such polymers are characterized chemically and physically in that they have a hydrophobic nature with ionic 55 
(hydrophilic) clusters inside. They conduct ions upon hydration. They exclude co-ions up lo the Donnan failure 
point at which stage ions of both types can penetrate into the resin. Neutral molecules can diffuse readily 
through such membranes and especially large organic molecules can dissolve within the more hydrophobic 
resins. 

Resins can also be used as reference solutions (see. for example, French patent publication No. 2.158.905). $0 
These ion exchange resins have been used as the electrolytic medium for a potentiometric CO2 sensor (see, 
for example, U.S. Patent 3.739,868). 

Useful gels for Incorporation within the sensor structure Include, without limitation: methyl cellulose, 
polyvinyl alcohol, agar, carboxycellulose, gelatin, agarose, deionized gelatin, polyacryiamide, polyvinyl 
pyrrolldone, poiyhydroxyethylacrylate. poly-2-hydroxyethyl methacrylate, and polyacrylic acid. They are 65 
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characterized In lhal Ihey conslllule thickened (more viscous) solutions. They are hydrophBte in natural and 
Include synthetic polymeric film forming materials. 

The electrolytic medium can alternatively be selected from a family of Inorganic oxide solid proton 
conductors, e.g., hydrogen uranyl phosphate, protonated ^''-alumina, zirconium phosphates or antimonic 
5 acids. 

Means (e.g., the barrier 42) Is usually provided for encapsulating the electrolytic medium 28 and the sensing 
electrode 18. in the embodiments illustrated the barrier 42 can be any convenient polymer. H is generally 
preferred that the encapsulation material be such as to be impermeable to water vapor so that the water 
content of the solid electrolyte remains relatively constant whereby the properties of the gas sensor remain 
10 relatively constant with time. The barrier 42 may be, for example, in the nature of a membrane. The barrier 42 
provides entry Into the microsensor 10 of a selected moiety in response to contact of a selected species with 
its outfacing surface 43. Either the selected species will pass through the barrier 42 and will then constitute the 
selected moiety, or contact of the selected species with the barrier 42 will lead to the introduction of a Afferent 
moiety into the microsensor 10. The barrier 42 Is generally at least substantially Impermeable to the electrolytic 
15 medium 28 to prevent escape and/or mixing with any analyte solution exterior of the barrier 42. 

The barrier 42 may encapsulate the entire microsensor 10. Alternatively, the barrier 42 may only cover the 
sensing area 16, or part or all of the substrate surface 14. It may be desirable to encapsulate the remainder of 
the microsensor 10, or even ail of the microsensor 10 including the barrier 42, as a protection against 
contamination. Generally, an Inert encapsulating layer (not shown) will serve the purpose. The encapsulating 
20 layer, when present, musl provide access (via, for example, pores or holes therethrough) to the barrier 42. It 
can be formulated as can the barrier 42. 

A number of materials may serve as the barrier 42. For example, the barrier 42 can comprise a gas 
permeable liquid impermeable membrane. This Is useful in the situation wherein the sensor is used in a Bquid 

- to detect dissolved gases, for example, rthe rriicrose^ Wppd- 

25 Other types of materials for utilizing as the barrier 42 are teflon membranes, silicone rubber membranes, 
silicon polycarbonate rubber membranes, mylar, nylon 6, polyvinyl alcohol, polyvinyl chloride, rnethytcetlulose. 
cellulose acetate, high density polyethylene, polystyrene, natural rubber, fluorosllicone, dimethylsriicon 
rubber, any appropriately perforate photoresist polymer, and dimethylsllicon. It is generally preferred that the 
membranes utilized be solution castable so as to make fabrication of the membrane more easfly 
30 accomplished. 

The barrier 42 can be constructed by, for example solution casting, separate casting on a different substrate 
and physical transfer, heat shrinking in place, solution casting utilizing an ink-]et printer, spin coating, or dip 
coating. If the barrier 42 Is In the nature of uniform latex microspheres, made for example of polystyrene, 
styrene-butydiene. or Teflon (trademark of DuPont). such microspheres can be placed in position utilizing an 

35 ink-]et like technique, by dipping, by solvent spraying, or the like. If the barrier 42 is of the nature of or includes 
activated carbon or similar materials it can be placed in position by ink-jet type printing, solvent casting, or the 
like. If the barrier Includes, for example, permanganate coated alumina or other substance which serves to 
remove nitric oxide, it can be placed in position similarly to the carbon particles. 
Various types of sensing electrode 18 can be used. These Include, for example, electrodes 18 of platinum, 

40 platinum black, silver, gold. Iridium, palladium, palladium/silver. Irtdum dioxide, platinum black/paladlum. 
platinum oxide, and mixtures thereof, electronically conductive polymers, and generally any of the electrodes 
normally utilized in electrochemical measurements. A sensing electrode 18 will generally be chosen which is 
responsive to a particular gaseous species. Various conventional materials can be utilized as the counter 
electrode 30 and as the reference electrode 32. Table 1 sets forth, as examples only, a short list of gases, and 

45 electrochemical systems which have been used to determine them. 

Also In accordance with the present invention an Improvement is set forth In a method of determining the 
concentration of a particular gaseous species wNch comprises contacting the species with a sensor having a 
substrate having a sensing electrode and a reference electrode on a surface thereof, the electrode being 
covered by a solid electrolytic medium, and measuring the electrochemical effect of the species on the 

50 sensing electrode. The improvement comprises utilizing as the sensing electrode a first electrode 18 as 
described in any of the embodiments above. The method may further Include providing a counter electrode as 
the second electrode 30. all as set forth above, and utilizing the counter electrode 30 along with the sensing 
electrode 18 and the reference electrode 32 when measuring the electrochemical effect. The various 
electrodes 18, 30 and 32 are preferably constructed and positioned as set forth above. 

55 The microsensors 10,110,210.310 and 410 in accordance with the invention can be constructed. 
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medium 28 Is controlled by . „ « „_ he f 0rme H bv any of several techniques. For 

Sensing electrodes 1 8 wtth ^fotlowTd by a ^Inizalton, gold deposmon. 

outwardly extending portion 26 are .desired I on a J"^"!?*^ 1 ®; recogni2ed that the Invention is not 

14. whatever He shape, planar. ^thera«. acc£)rdance ^ ^ methods of and/or using the 

ea^e^ ^^^^ ^ AC 

^corean^ 

voltammetry (DPV) methods. In such a "^l®^ sensor. The use of the DPV technique to 

differentiated, thereby generating more ^^'^ t ^^,^«r m °rTnodynamic potentials of the gases 
achieve required selectivity Is a direct application of the 5*^^^?^ ™^ no . and N0 2 . have 

being analyzed. Note that certa* ^f™™^^%% T rt^O& mW vs NHE. In practice. 

electrocitalyst. In order to proceed at a measxmMe rate . containlng seve ral reactive components 

ThlatechnlquelsusefU^thegas tobesenaad^ a simpl ^ xampte 

that exhibit close ^^^JS^SS^A gas B^H exhibit current vs potential curves with 
wherein a mixture of gas A * ve rsus potential curves ona obtains two 

different Uniting currents U and Is. By ^"risflo ootenttete and B*. The peak current values are 

In addition, the nature of this ^^"'^^^^^^H^Tl^ this technique improves the sensitivity 

SSL'S WS3»^^^^^ ^ and prov ' dM 80 

"SSSffll wf^a^etttun^rstood by reference to me following experiments, sections 
instrumentation and Experimental Procedure 

The experiment setup^ 
gaa mixtures. 200 ppm CO in ^^^^^gSS^n. South San Francisco. California, and 
standard grade, manufactured by u ^ on p 8 * 1 ^ L '^ll' , n0 microelectronic gas sensors, and 

distributed by Almac Cryogenic. Inc.) ™™^*}°?^^»* ST(200 ppm CO) and the blank gas 
hydrocarbon-free air was used as a b^ 

!i?f^ 

eignala as a funotion of time. „ ba haH hv oassino dry oas samples through a humidifier prior lo 

Humidified gas samples were prepared ™™^.%J*™™f£ff* e A , 3 mm , D , pore size 2 pm. porosity 
•meringthagasohamber.Thehum.dtnercom^ses^ 2 and 3 cm. which are 

temperature Indicator) in the gas line right after the gas chamber. ^ 
Example 

Th. ,.opoo». to CO md various «~ .» J ^^-oo^K SSSSJtTs^S 



20 



25 



30 



J5 



40 



45 



SO 



55 



11 



0299780 



10 



ts 



20 



30 



substrate. Platinum was used as electrode material for all electrodes. A chromium adhesion layer of 
approximately 5 nm was deposited first, followed by approximately 200 to 280 nm of platinum, sputtered I m a 
vacuum of 2 x 10** torr In a mrc rf sputtering system with the substrate being water cooled. The metalHzed 
substrate was then coated with about 3 pm of EM Industries' negative polyimide photoresist and 
photonthographlcalty patterned. The polylmlde was prebaked at 65° C for 15 minutes and postbaked at 140 C 
for 60 minutes. The unwanted portions of the platinum film was etched away by Ar* sputterlng-etchlng 
techniques. The remaining photoresist was then removed by an oxygen plasma etching process. A 1 nteron 
thick Nation film, which was used as the electrolyte, prepared by solutton-casting 173 uJ of diluted (1:5 
ethanol) stock solution (stock Nation solution. 5<W> by weight. Solution Technology, Inc.) into a 5 mm x 7 mm 
window (made by 3M type 470 tape). The film was dried at room temperature fro about 2 hours. The Nation film 
was then acidified In a beaker containing 20<Vb H2SO4 at approximately 60°C for about 3 hours. 

Figure 12 indicates steady-state signals (i.) as function of CO concentration at an applied potential of -50 
mv. The sensor was tested in the CO concentration range of 100 to 500 ppm on a planar type platinum sensor 
with a 10 micron gap between adjacent electrodes. A reasonable linearity is seen. Figures 13, 14 and 15 
Illustrate the net response (I,), background current (ib). and total signal (is + i&) , and the values of the signal to 
background current ratio (UM, as a function of the applied potential (sensing electrode potential vs. the 
built-in platinum reference electrode) at 4Wo RH (relative humidity), respectively. The net response Is defined 
as the difference in the measured currents when the sensor is exposed to air (background current) and to 500 
ppm CO. Figure 16 shows the current responses to CO as a function of time at an applied potential of -O.Q5 V 
(the response time to 500 ppm CO in air is about 1 minute). 

The sensor responses to other gases such as ethanol (800 ppm In air), Hz (800 ppm In air), NO (80ppm in 
air) and NO a (100 ppm In air) were also studied. Tables 2, 3, 4 and 5 show the current response to 500 ppm 
CO* 800 ppm ethanol. 80 ppm NO, and 100 ppm NO*, respectively, as a function of the applied potential. In the 
range of -01 to + 0:2 volts, -0.05 V is the most Ideal potential for CO sensing because the CO response was 
very stable and the response time very fast. The response to ethanol vapor was unstable and 
non-reproducible. The sensor response to Hz in the same potential range was also measured, and unstable 
current response occurred throughout the range. For a practical CO sensor development, for example. It is 
clear that the the pre-selected applied potential the CO sensor exhibited good response to CO and to a large 
extent can exclude interfering gases. 

Table 2 
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Applied 
Potential 


i(b) 
nA 


its) 
nA 


i(s)/(b) 


Rt (s 


-0.1 


-17.9 


5.8 


0.34 


60 


-0.05 


- 0.8 
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5.4 


58 


0.0 


- 0.9 
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3.9 


60 


+0.03 
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4.5 


4.5 


60 


+ 0.05 


.97 


2.5 
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90 


+0.1 
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2.2 


0.67 
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+0.2 
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0.26 
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Current Response to 500 ppm CO as a function of 
Applied Potential 
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Table 3 






Applied 


i (b) 


i is) 


1 (S) / (DJ 


Rt IS) 


Potential 


nA 


mm. % 






-0. 1 


-19. 8 


138 


7.0 


60 


-0.05 


-27 


195 


7.2 


40 


0.0 


- 0.3 


75 


250 


65 


+0.03 


0.9 


100 


111 


120 


+0.05 


1.0 


180 


106 


168 


+0.1 


4.0 


232.5 


58.1 


180 


+0.2 


13.0 


212.5 


16.3 


80 



Current Response to .800 ppra EtOH as a function of 
Applied Potential 

RH = 45% 



Table 4 

Applied i(b) i(s) i(s)/(b) Rt(s) 

Potential nA nA_ 

-0.1 
-0.05 

0.0 
+0.03 
+0.05 
+0.1 
+0.2 

Current Response to 80 ppm NO as a function of 
Applied Potential 

RH * 45% 











21.0 


-18.0 


0.36 


180 


0.7 


-3.7 


5.3 


ISO 


3.9 


7.4 


1.9 


220 


5.5 


17.6 
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Table 5 

Applied i(b) Us) i(s>/(b) Rt(s) 

5 Potential . nA nA 

-0.1 

-0.05 -2.1 -7.7 3.7 40 

0.0 -1.0 9.5 5.5 60 

10 +0.03 5.2 26.0 5.0 220 

+0.05 8.0 56.0 7.0 145 

+0.1 29.0 136.0 4.7 230 
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Current Response to 100 ppm N0 2 as a function of 
Applied Potential 



RH ~ 45% 



Industrial Applicability 



The present Invention provides a novel electrode structure 18, a novel mlcrosensor 10, and an Improved 
method of determining the concentration of gaseous species. All of the above is useful In analyzing for any one 

SO gaseous species among other gaseous species, or, In accordance with certain embodiments, with gaseous 
species which are dissolved In a fluid, for example a body fluid such as blood, extremely fast response time Is 
provided along with extremely high sensitivity. Uses include the following: portable environmental gas 
analyzers, detection of hazardous gases, fire alarms, gas leak detectors, monitoring and controlling chemical 
processes, alarm badges for safety inspectors, monitoring and regulating exhaust gases from engines, oil 

35 furnaces or Industrial burners, control of Indoor air quality, and gas chromatography detector, among others. 
And, construction is relatively Inexpensive utilizing standard IC techniques. 

While the Invention has been described in connection with specifio embodiments thereof, It will be 
understood that It Is capable of further modification, and this application is intended to cover any variations, 
uses, or adaptations of the invention following, in general, the principles of the invention and Including such 

40 departures from the present disclosure as come within known or customary practice In the art to which the 
invention pertains and as may be applied to the essential features hereinbefore set forth, and as fall within the 
scope of the invention and the limits of the appended olalms. 



Claims 



1 . A voitammetric mlcrosensor structure, comprising: 
50 a substrate having an active area on a surface thereof; 

a sensing electrode having a portion thereof on said active area; 
a counter electrode having a portion thereof on said active area; 
a reference electrode having a portion thereof on said active area; 

said sensing electrode, said counter electrode and said reference electrode defining respectively 
55 therebetween a sensing-counter gap, a sensing-reference gap and a counter-reference gap; and 

a solid polymer electrolyte bridging said gaps. 

2. A method of voltammetrlcally determining the concentration of a gaseous species, comprising: 
contacting a mlcrosensor structure with the gaseous species In a gas phase and voitammetrically 
measuring the electrochemical effect of the species between sensing and counter electrode, the 

60 mlcrosensor structure comprising a substrate having a sensing electrode, a counter electrode and a 

referenoe eleotrode, the electrodes defining respective sensing-counter, sensing-reference and 
counter-reference gaps between portions thereof mounted on an active area on the surface of the 
substrate, the gaps being bridged by a solid polymer electrolyte. 

3. In a mlcrosensor structure comprising a substrate surfaoe having an active area, first and second 
65 adjacent electrodes having, respectively, sensing and counter portions on the active area; and an 
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electrolytic medium covering the active area, the Improvement comprising: 

positioning the first and second electrodes sufficiently close together on said active area so that the time 
of migration of an ionic moiety from one to the other of the electrodes is no more than about 1 minute: and 
restricting the thickness of the electrolytic medium to be no more than about 10 microns so that the time 
of diffusion of the gaseous species through the electrolytic medium to the first electrode is no more than 5 
about equal to the time of migration of the Ionic moiety from one to the other of the electrodes. 
4 . In a method of determining the concentration of a gaseous species, comprising contacting a 
microsensor structure with the gaseous species in a gas phase and measuring the electrochemical effect 
between first and second electrode, the improvement wherein the microsensor structure comprises: 
a substrate surface having an active area, the first and second adjacent electrodes having, respectively, 10 
sensing and counter portions on the active area; 

a solid electrolytic medium covering the active area, the first and second electrodes being positioned 
sufficiently close together so that the time of migration of an Ionic moiety from one to the other of the 
electrodes is no more than about 1 minute; and ^ ^ 

the thickness of electrolytic medium being restricted to be no more than about 10 microns so that the 15 
time of diffusion of the gaseous species through the electrolytic medium is no more than about equal to 
the time of migration of the ionic moiety from one to the other of the electrodes. 

5. A microsensor structure, comprising: 

a substrate having a surface having an active area; 

a sensing electrode having a sensing portion on said active area, said sensing portion comprising a 20 
plurality of sensing fingers; 

a counter electrode having a counter portion on said active area, said counter portion comprising a 
plurality of oounter fingers, said counter fingers being positioned between and aligned generally along 
said sensing fingers to define sensing finger-counter finger gaps of no more than about 50 microns ; 
a reference electrode having a reference portion on said active area: ^ 25 

an electrolytic medium on said active area bridging said sensing finger-counter finger gaps end 
communicating said reference portion with said sensing portion. 

6. A microsensor structure, comprising: 

a substrate having a substrate surface having an active area; 

a sensing electrode on the substrate surface having a sensing portion upon the active area, the sensing 30 
portion having an outfacing surface facing away from the substrate; 

a solid electrolytic medium covering the active area but not covering the outfacing surface, the electrolytic 
medium, the first electrode and the gas phase forming a 3-phase sensing boundary; 

a counter electrode In contact with the electrolytic medium and free from contact with the sensing 

areferenceelectrode m contact with the electrolytic medium and free from contact with the sensing and 
counter electrodes. 

7. In a method of determining the concentration of a gaseous species comprising contacting a 
structure with the gaseous species in a gas phase and measuring the electrochemical effect between first 

and second electrodes, the Improvement wherein the sensor structure is a microsensor structure 40 

comprising: . , 

a substrate surface having an active area, the first and second electrodes having, respectively, sensing 

and counter portions on the active area; and 

a solid electrolyte medium covering the active area, portions of the sensing portion extending outwardly 
beyond the electrolytic medium, the electrolytic medium, the flrsl electrode and the gas phase ifornhg a 
3-phase sensing boundary, the oounter portion of the second oloctrodo being in contact with the 
electrolytic medium, the second electrode being free from contact with the first electrode. 

8 In a method of determining the concentration of a gaseous species which comprises contacting a 
censor structure on a substrate with the gaseous species in a gas phase and measunng the 
electrochemical effect of the species between a sensing electrode and a counter electrode, the so 
Improvement wherein the sensor structure is a microsensor structure which compnses : 
a substrate having a substrate surface having an active area, the sensing and counter electrodes having, 
respectively, sensing and counter portions on said active area, the sensing portion having an outfacing 
surface facing away from the substrate; .,_ rtK/ti/<% 
a solid electrolytic medium covering the active area but not covenng the outfacing surface, the electrolytic 55 
medium, the sensing electrode and the gas phase forming a 3-phase sensing boundary ; 
the counter electrode being In contact with the electrolytic medium and free from contact with the 

^refe^ contact with the electrolytic medium and free from contact with the sensing and 

counter electrodes. 

9. An electrode structure, comprising: 
a first electrode having a sensing portion having an outfacing surface having uneven configuration 

Including a plurality of outwardly extending portions; and 

an electrolytic medium covering said outfacing surface with said outwardly extending portions extending 
outwardly beyond said electrolytic medium and not being covered thereby. 
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10. A microsensor structure, comprising: 

a substrate having a substrate surface having an active area; 

a first electrode on with said substrate surface, said first electrode having a sensing portion on said active 
area, said sensing portion having an Infaclng surface facing said substrate surface and en outfacing 
surface facing away from said substrate surface, said outfacing surface having an uneven configuration 
including a plurality of outwardly extending portions; 

an electrolytic medium covering said outfacing surface with said outwardly extending portions extending 

outwardly beyond said electrolytic medium and not being covered thereby; and 

a second electrode on said electrolytic medium and free from contact with said first electrode. 

11. In a method of determining the concentration of a particular gaseous species which comprises 
contacting the species with a sensor having a substrate having a sensing electrode and a counter 
electrode on a surface thereof, the electrodes being covered by an electrolytic medium, and measuring 
the electrochemical effect of said species on said sensing electrode, the Improvement comprising: 
utilizing as said sensing electrode a first electrode having an outfacing surface having an uneven 
configuration including a plurality of outwardly extending portions which extend outwardly beyond said 
electrolytic medium and are not covered thereby. 

12. A microsensor structure, comprising: 

a substrate having a substrate surface having an active area; 

a first electrode in contact with said substrate surface, said first electrode having a sensing portion on 
said active area, said sensing portion having infaclng surface facing said substrate surface and an 
outfacing surface facing away from said substrate surface ; 

a solid electrolytic medium covering said outfacing surface, said solid electrolytic medium having a 
plurality of conductive mfcroparticles dispersed therein; and 
-a-second electrode in contact with said electrolytic medium and free from contact with said first 
elec tr od e 

13. In a method of determining the concentration of a particular gaseous species which comprises 
contacting the species with a sensor having a substrate having a sensing electrode and a counter 
electrode on a surface thereof, the electrode being covered by a solid electrolytic medium, and measuring 
the effect of said species on the sensing electrode, the Improvement comprising : 

including a plurality of conductive mlcroparticles dispersed in said solid electrolytic mecSum. 
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